This work aims to develop an emission inventory of methane (CH 4 ), nitrous oxide (N 2 O), ammonia (NH 3 ), nitrogen oxides (NO, NO 2 ) and CO 2 from various agricultural activities and wetlands in Delhi area using an emission factor and activity based approach between the years 2001 and 2011. Among all agricultural activities, livestock enteric fermentation (LEF) was found to be the main source, contributing up to 90% of total CH 4 . This is followed by livestock manure management (LMM) (6-7%), paddy field (3-5%) and burning of crop residue (0.6-0.9%). It was also found that LMM practices alone contributed 
Introduction
Agricultural sector is one of the potential sources of greenhouse gas (GHG) emissions in many parts of the world (IPCC, 2007) . WRI (2006) and IPCC (2007) reports state that agricultural sector was responsible for 14% of the total global GHG emissions in 2000. With respect to agriculture sector worldwide, India is among the largest contributors of GHG emissions such as methane (CH 4 ), nitrous oxide (N 2 O), and other gaseous air pollutants such as ammonia (NH 3 ), nitrogen oxide (NOx), nitric oxide (NO) and nitrogen dioxide (NO 2 ) (Bhattacharya and Mitra, 1998; Garg et al., 2004) . In 2000, India's total contribution towards the world's total CH 4 and N 2 O emissions was ~4.7% and ~2.8%, respectively; of which as much as ~3.2% and ~2.7% were contributed by the Indian agriculture sector alone (ALGAS, 1998; Bhatia et al., 2004) . Similar to agriculture sector natural and manmade wetlands are also responsible for significant amount of GHG emissions (Mander ,2013 , Turetsky, et al.,2014 , Barbera,2014 .
Principal agriculture activities leading to emissions of CH 4 , N 2 O, NH 3 and NO x (= NO+NO 2 )
include livestock enteric fermentation (LEF), livestock manure management (LMM), rice cultivation, field burning of agricultural crop residue and use of various types of fertilizers (Sass and Fisher 1998; NATCOM, 2004; Singhal et al., 2005) . Most of these gaseous emissions are interrelated and measures to curtail emissions of one of these gases can affect the emissions of others. Therefore, all the GHGs are important for regulatory policies (Brink et al., 2005) .
Increasing industrial and vehicle population over the past decades in Nation Capital
Territory (NCT) Delhi have put it among one the of most polluted cities in the world Kumar et al., 2011 Kumar et al., , 2013 Jain et al., 2014) . Over the last decade, most of the research in India has focused on emissions from vehicles and industries as major source of air pollutants (Kumar et al, 2008 (Kumar et al, , 2013 Nagpure and Gurjar 2012; Shukla et al, 2013; Babaee et al, 2014) . Key source such as agriculture sector has received a very little attention by previous studies (Gurjar et al., 2004 Sharma et al., 2002 as rural and urban areas, respectively, and therefore making it the largest city in terms of area in the country (DSA, 2010; DSH, 2011) . Currently, comprehensive emission inventory for various greenhouse gases from the agriculture activities for the NCT Delhi is nonexistent. Existing inventories (e.g. Gurjar et al., 2004; CPCB, 2010) Table S1 . Due to unavailability of rice cultivation area with water management practices, total rice cultivated area (Table S2 ) was scaled with the ratio of national rice cultivation whereas water management practices were adopted as given by Parashar et al. (2003) . Since the total burnt crop residue (wheat and paddy) data for Delhi was not available, this was scaled with the ratio of wheat production and its residual burning (27%) given by Sahai et al. (2007) , as presented in Table S3 . 
Here E i denote the emissions of CH 4 , N 2 O, NO x and CO 2 from i activities such as LEF, LMM, rice cultivation, fertilizer, burning of crop residue and wetlands area; n represent the factor responsible for the emissions from i activities (i.e. animal population for LEF and LMM, rice cultivation area with its management practices, quantity of fertilizer use, quantity of residue burn and wetland area). Emission factors adopted for LEF, LMM, and rice cultivation have been given in Table S4 , S5, S6 and S9. Delhi lies in Indo-Gangetic plain and normally the farmers of this region apply 240 kg N per hectare in the form of fertilizer (i.e. urea) for rice or wheat crops in the agriculture field. In the Indo-Gangetic region including Delhi, the rice-wheat crops occupy about 13 million hectares of land and these crops consume most of the N fertilizer in this region that makes them a major source of N 2 O emission (Pathak et al., 2002) . Because wetland area data is only available for the year 2009 so we only estimated GHG emissions from wetlands for this particular year.
N 2 O and NH 3 are other important products of LMM practices Eq. (2) has been used for calculating N 2 O and NH 3 emissions from LMM system:
where i n = Population of different types of animal; = total nitrogen excreted annually per animal (kg/yr/head); = emission factor for the animal group (kg/animal/yr), as presented in Table S6 and S8; C= conversion factor of (44/28 for N 2 O and 28/17
for NH 3 )
To determine the uncertainty associated with calculated emissions Monte Carlo simulations have used. The details of methodology deployed for the uncertainty analysis are available ted in supplementary material Section S2.
Results and Discussion
The Primary reasons for these changes were increase in the rate of rice production and an opposite trend for wheat production rate. Note that the variation in emission trends, as shown in Figure 1e , can directly be attributed to the varied areas used for wheat and rice From 2001 to 2011, about an average 106-141 Gg/year of NH 3 was emitted from LMM practices in megacity Delhi (Fig 2c) . Figure 2d shows that there is no much yearly variation in NO x emissions and has a slight decrease of 2% from 42 Gg in 2001 to 41 Gg in 2011.
Thus, burning of crop residue in Delhi is a potential source of NO x emissions and control on this source can substantially contribute to cut down NO x emissions. However, this contribution is negligible as compared to transport sector emissions (87 Gg/year) in Delhi has been increasing buffalo numbers in Delhi for meeting increasing demand of food supplements (e.g., milk) due to continuous growth in population . Table S10 .
Figure 2. Emission trend of N 2 O from: (a) fertilizer use, (b) burning of crop residue, (c) Emission trend of NH 3 from LMM system, and (d) Emission trend of NO x , from agriculture activities in megacity Delhi
According
Limitations and further scope of the study
There are several limitations of this study due to unavailability of accurate annual livestock population data, burnt crop residue and country specific EFs for some of the livestock. The livestock population data were available only for year 1997 (DSA, 2010 . Therefore, the data were extrapolated for rest of the years until 2011. For estimating N 2 O emission from the LMM, there was a lack of country-specific EFs for livestock. N 2 O emission factors for India were only available for solid storage of livestock manure and we had to adopt EF from LMM given by Yamiji et al. (2004) given for China; this may create uncertainties in N 2 O emissions for Delhi. Similar was the case with estimation of NH 3 from LMM, leaving us to adopt EFs available for Asian region (Yamiji et al., 2004) . No data were available for crop residue burning in Delhi which was scaled from the ratio given by Sahai et al. (2007) for the Indian crop production and residue burnt. Also, area of rice cultivation and water management practice with rice cultivated area was unavailable for Delhi that was scaled down according to practices applied nationally for rice cultivation. Due to the nonexistence of agriculture site specific air pollution data for CH 4 , N 2 O and NH 3 , we could not compare our estimates against the measured data. Despite these boundaries, the importance of current study is, however, highly significant because the study consolidates all agricultural activities and their emissions together for the first time.
Therefore, the outputs would be very helpful for the policy making purpose. Furthermore, a methodology to make such estimates is established, which could be adopted by other similar studies elsewhere. Identification of the key limitations of this work and overcoming these will provide opportunity for the future research to build more precise inventory of pollutant emissions from agricultural activities.
Conclusions
The LEF was found to be the dominant source of CH 4 (88-90%), whereas N 2 O and NH 3 emissions were dominated by the LMM practices alone. Crop residue burning and LMM practices were responsible for major portion of NO x and N 2 O emissions, respectively. With respect to GWP, the LMM practices contributed highest (89%) of CO 2 equivalent emissions.
However, greenhouse gas emissions from wetlands are only ~2% compared with the all agriculture activities. It was found that among all livestock categories, buffaloes were the highest (80-85%) contributor of CH 4 emissions from the LEF, followed by the LMM ( Where symbols '-' denotes 'not available' and '*' refer to EFs taken from IPCC/OECD/IEA (1997). Gurjar et al. (2004) 
